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Abstract. Extraordinary mechanical and electronic properties of carbon nanotubes have attracted
great interest. In this talk we describe electrical and noise properties of iron-filled multi-walled
nanotubes. Our results show that these nanotubes have unusual current dependence of noise and
exhibit a much smaller noise than single-walled nanotubes.

Introduction

Carbon nanotubes have many unique properties that attracted the attention of microelectron-
ics and nanotechnology communities. For example, the mechanical strength and thermal
conductivity are higher than these values for diamond and boron nitride [1, 2]. Also, dif-
ferent types of nanotubes (single-walled tubes with varied chirality, multi-walled tubes)
have different properties ranging from metallic to semiconducting behavior [1], and ex-
hibiting different effects, such as ballistic electron transport [3] and Aharonov—Bohm os-
cillations [4].

Filling nanotubes with metals and semiconductors[5], inducing defects in their structure
[6], producing “Y™ shape tubes [7] or “decorating” them with functional groups covalently
attached to their walls cause further variations of their widely varied electronic properties.
These modified tubes might be used for building simple devices in individual nanotubes [8].

Low frequency noise analysis is an effective tool for device and material characteri-
zation. In many cases, noise is more sensitive to existing disorder, nonlinear behavior or
contact problems in the device than dc measurements. Moreover, 1/f noise can be used as
a diagnostic tool for quality and reliability assessment of electronic devices [9, 10].

On the other hand, the level of the low frequency noise is one of the most important
characteristics of electronic devices, which determines whether the devices are suitable for
practical microwave and optical systems [11]. So far, the results of the noise measurements
on nanotubes are only available for single-walled nanotubes [12]. In this paper, we will
present the results of the 1/f noise measurements for multi-walled, partially iron-filled
nanotubes and demonstrate that these nanotubes have unusual current dependence of noise
and exhibit a much smaller noise than single-walled nanotubes.

1. Experimental details

Carbon nanotubes used in our measurements were produced by chemical vapor deposition
from xylene and ferrocene [13]. We applied a mixture of the two precursors resulting
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Fig. 1. (a) FE-SEM micrograph of a multi-walled nanotube filled partially with iron, (b) FE-SEM
micrograph of the nanotube with FIB interconnects.

1:10 Fe/C atomic ratio in the reaction zone and near entire iron cores in growth nanotubes.
As can be seen from Fig. 1(a), the nanotubes were only partially filled with iron. In order
to perform dc and noise measurements on individual tubes, the samples were prepared as
follows. First, the silicon wafer was thermally oxidized (resulting in 300 nm thick SiO;
layer) and a metal (Au/Cr) electrode pattern was prepared using conventional lithography
technique. In the next step the nanotubes were sprayed onto the SiO; surface as a low-
density nanotube film, in which most of the tubes were separated from each other. Individual
tubes with optimal location and shape were selected by FE-SEM microscopy. Focused lon
Beam (FIB) technique was used in order to deposit platinum interconnections and make
contacts to the nanotubes (see Fig. 1(b)). The time and current of FIB preparation was
minimized to avoid excessive ion irradiation of nanotubes and substrate.

The low frequency noise was measured in two contacts configuration in the frequency
range from 1 Hz to 3 kHz at room temperature. The voltage fluctuations Sy from 2 kQ
resistor connected in series with the structures under test were measured by SR 770 Network
Analyzer.

2. Results and discussion

Current voltage measurements showed that nanotubes had ohmic behavior under the dc
bias from —4 to 4 V with resistance of ~20 to 60 k<.

The noise spectra of the short circuit current fluctuations had the form S; ~ 1/fF
where B is close to unity. This 1/f-like spectrum is very common for many semiconductor
devices and materials and was also recently observed in single-walled nanotubes [12].

However, the current dependence of noise was quite different from that reported in [12]
and from what is typical for linear metal and semiconductor resistors. In contrast to typical
dependence of the spectral noise density S; ~ I (I is the current), we found §; ~ 1% with
o < 2 (from 1 to 1.5 for different samples). This behavior indicates a current dependence
in the number, amplitude or rate of elementary fluctuators or in the coupling strength if
the effect 1s a cooperative (nonlinear) one. This unusual (for a linear region of the I-V
characteristic) dependence might indicate that the noise could be generated by a small non-
linear contact resistance at the points of the contacts of FIB metal to the nanotube. If in the
contact resistor, the number of elementary fluctuators is proportional to the current (like in
silicon diodes), a similar S; ~ I dependence can be expected [14].

In order to estimate role of the interconnects we also measured the noise of the test
structure consisted from a simple FIB stripe. We found the conventional §; ~ 12 behavior



420 Ordered Arrays and Nanoparticles

(a) (b)
-100 x\’\vﬂ\‘u& ) ~200 > ,'/.

%m » .

—1307 10 100 1000 1E5 1E-4

Frequency (Hz) Current (A)

SI/IZ (dB/HZ AZ)
|
>
S, (dB/Hz)

Fig. 2. Frequency (a) and current (b) dependencies of spectral noise density of current fluctuations
for iron-filled multi-walled nanotubes. The applied de voltage was 1 V and 4 V for the upper and
lower spectrum, respectively, in part (a), and the frequency was 200 Hz for values displayed in
part (b).

for the test structure.
At current I = 1073—107* A the relative spectral noise density of current fluctuations
in iron-filled multi-walled nanotubes was much smaller than that reported in Ref. [12].
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